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S U M M A R Y  

It is noted t h a t  the l a t e s t  measurements of the absorption coeffi-  
c ien t  of water vapor in the r e l a t ive  transparencry windows of t he  submicro- 
waves ( A >  60+ performed by a s e r i e s  of authors, exceed the earlier values 
computed by us by l ~ l . 5 +  2 times, t h a t  is, the same departure take8 place 
between theory and experiment as w a s  found in the microwave band. 

The possible aauses of such a disorepanoy are discussed alongside 
wi th  the p o s s i b i l i t i e s  of expe rhen ta l  investigation of enbmicrowave absorp- 
t ion  by redioastronomical methods. 

* *  
The methods and the r e s u l t s  of quanto-mechanical calculation of the 

absorption coeff ic ient  y of water vapors i n  the atmosphere for the wave 
band L l o p  +32 om w e r e  expounded in d e t a i l  in the works [I. - 31 **. 
Comparison between the  experimental and theore t ica l  r e s u l t s  of obtaining 
the aheorgti_an factor was also drawn i n  the above-mentioned works. A r e l i ab ly  
establ ished excess by - 1.5 c 2 t h e e  of the measured values of over the 

theo re t i ca l  ones i n  the microwave region of the spectrum 2 m < < 8 mm was 

demonstrated i n  particular [l, 33. As t o  the submicrowave ban;d, there w a s  no 
poss ib i l i t y  t o  derive in ClJreliable conclusions about the degree of corres- 
pondence between absorption theory and experiment, which w a s  due t o  insuf f i -  
c ien t  measurements. Since then a s e r i e s  of experimental of Tadiowave absorp- 
t i on  by water vapors in the region > 6 0 ~  were completed [4 - 71. 

~ ~ ~~ 

lJEKO!PORYYE VOPROSY RASCEETA I IZMEZENIY POGWSHCHENIYA HILLIMETROWRH I 
SUBMIUMETROVYKH RADIOVOLN V A T O S F E R "  PBRAlU3 VODY. 
+1 [See S?-RWP-AI -10354 and ale0 2091- 
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Now we have evidence that  in the submicrowave band, beyond the spec t r a l  
l i n e s  of E24 the values computed i n  [l] fo r  the absorption coeff ic ients  
of w a t e r  vapor are l e s s  than the experimental ones by about the same amount, 
t h a t  IS, 1.5+ 2 thlhe6. 

The insuf f ic ien t  resolut ion of the apparatus u t i l i z e d  i n  the works 
[: 4- 73 did not allow the authors of these works t o  measure the absorption 
coeff ic ient  in the spectral l i n e s  of water vapor. Meanwhile such measurements 
might have contributedin throwing l igh t  on the possible causes of discrepan- 
c iee  bwteeen the theory of absorpion i n  water vapor an2 the experiments i n  
r e l a t i v e  transparency windows. The astronomical method (see [5])of determi- 
nat ioa of y by the r e l a t i v e  variation of solar radiation, weakened by the 

atmosphere, for  various heights of the Sun above horizon may be u t i l i z e d  
only on conditions of such radiowave absorption i n  the atmosphere, when 
the Sun's antenna temperature in the given frequency band is su f f i c i en t ly  
high and varies n o t a b u  with the zenithal angle change. Since the absorption 
coeff ic ient  of water vapor y exceeds by tens  and hundreds of times the reso- 
nancevalnesof y i n  centimeter and microwaves even in the transparency win-  
dows of submicrowaves, the radioastronomical methods of measurement of the  

absorption coeff ic ient  (by Sun's and atmosphere's proper radiat ion)  have 
a very l imited area of appl icabi l i ty  in the region 
corroborate the conclusion derived, we s h a l l  b r i e f ly  pause a t  the quantita- 
t i ve  charac te r i s t ics  of the effect ive Sun's and atmosphere's radiat ion in 
the submicrowave band, and at conclusion we shall discuss the possible cau- 
8es of the  above-noted discrepancy of water vapor absorption theory with the 
experiment in these waves. 

< 1mm. In  order t o  

1.- We plot ted i n  Figures 1 and 2 the e f fec t ive  temperature of 
Solar radiat ion,  TC=T@-',we&nedin the t e r r e s t r i a l  atmosphere, but w i t h -  

out taking i n t o  account the atmosphere's proper emission (about the r e l a t i v e  
r o l e  of t h e  l a t te r ,  see below). The computations of the quantity Tc were 
performed in t h e - h n d  l/i ,5 + 35 cm'l( A^/ 0.28 + 2mm) at various 
zeni tha l  angles 8 ,  for the observations conducted from 1 height h Z 4 h  

(pressure P .c 478 mHg, new-Emth absolute moisture J = 1 and 2 gAmo3), 
t h a t  is, for conditions close t o  those having taken place at  measurements 
0 3 .  A t  the  same time, i t  was assumed at  e i ther  the calculation of TC 
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(see F i g s  1 and 21, of TaOs ( F i g s  4 and 5)s t h a t  56, the effect ive tempe- 
ra ture  of the atmosphere, t h a t  the absorption of radiowaves h 
determined only by water vapor. It may be seen from Fig .2of  the work E303 
and the Fig.3of the  present work tha t  at 6ea level ,  where the absolute 
humidity is 1 = 7.5 g.uu-3 t he  r a t i o  of the absorptfon coeff ic ient  of 
molec\ilar oxJgen t o  that of water vapor is equal t o  

( i n  the wavelength 
waves transparency window) t h i s  r a t i o  still decreases by 
assumption made i s  still fu l f i l l ed ,  

2 m  is 

0.04 even a t  1 + 2mm 

O.87rmn, t h a t  is, the nearest  from the s ide  of submicro- 
10 times), the 

5000 

4000 

2aao 

1000 

FIG, 1, - Temperature of atmosphere-weakened solar rad ia t ion  TC 
( w i t h u t  taking into account the a t m ~ s p h e r e ~ s  proper radiat ion 
a t  h 4 km (pressure P = 478 mm Hg, absolute ‘humidity f’ = lg, m‘ 
for various values of zenithal angles 8. The effect ive temperatu- 
r e  of the  Sun T, i n  the band 
is  taken equal t o  5 20O0 K; temperature of the atmosphere T,, = 283O~. 

Uti l i s ing  the standard transformation rules,  we have f o r  the r a t i o  

f 1 

= 0.28 - 2 mm ( 1 /A = 5 + 35 cm-1 ) 

of absorption coef f ic ien ts  02 t o  E20 at h =  4km, f = lg*iao3 (see C 1 ,  2, 303) 
e 0.1. However, according t o  measurements of [31](see the i r  processing i n  
c3231, the o q g e n  absorption ab N, 1 i 2 mm, is about by one order higher 
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than the computed data. The discrepancy for the case of 02absorption f ac to r s  
f o r  A 62mm may be caused by an inaccurate accounting of nonre~onance absorp- 
t i on  of 02 in the calculat ion of the work [30].  If the subsequent experimental 
invest igat ions should confirm such a high value of the absorption coeff ic ient  
of 02 ( y 02 N 0.17 d b h )  a t  sea l e v e l  with El. + 2 mm, at h e 4km, the ab- 
sorption coef f ic ien ts  of oxygen and water vapor at h=1* 2 mm and p = 1 ern -3 
would be mutually comparable. 

Fig.2. - Temperature of solar radiat ion Tc, weakened by the 
atmosphere (withozlt t&ng intc necaunt its proper emission) 
at h ~4 h (pressure P = 478 nun H g ,  absolute moisture 2 g.m*) 
for the values of eenithal angles 8 = 20'. 40°, 60°, 80°, 90'. 
The ef fec t ive  temperature of the Sun To in the band h = 28 + 2mm 
( l / ) r  = 5 + 35 cm-1) is taken at 5200OK; atm.temp. TA = 283' K. 

The accounting of t h a t  circumstance w i l l  l ead  in its turn t o  a 
1 / x =  decrease i n  the computed values of TC (see Fig . l )  

N 6.3 + 10crn-l ( N 1 + 1.6~d a t  9 = 20 + 60° by no more than ~ 2 5 %  
and t o  an increase of (E,** i n  the eame band but with 8 t 20 i 80° (see 
Fig. 4) by /r/ 1.8 times ( a t  J = 2 g-m'3 the respective corrections w i l l  be 

-2% for Tc (Fig.2) a n d  z l . 3  times for To44(Fig. 5) 1. 

i n  the band 



However, i n  submicrowaves ( A ~ 0 0 9 1 m )  , the r e s u l t s  of the calcula- 
t ion,  plot ted i n  F i g s . l t 2 ,  4,5, are prac t ica l ly  unchanged on account of the 
abeorption by water vapor alear l j  prevailing here ( the  e r ro r  should not be 
higher than tenths  of f rac t ions  of percent). 

I 

Fig. 3. - beorption coeff ic ient  7 of the atmos];,eric water 
vapor i n  the band X g  0.14mm-c 2 cm ( l / x  r 0.5 + 70 cm-l) 
at the  absolute moi6ture p = 7.5 g*C3, temperature TA = 2 9 3 O  lC 

When computing Tc = T e"( the  Rayleigh-Jeans approximation), it 
w a s  assumed chat tte e f f e z t g ~ e  t e = p r a t ~ e  nf the Sun ie T, = 5200~ IC in - e  
the e n t i r e  band jd the 

absorption coeff ic ient  of water vapor at  h=4km, expressed i n  nepers, and 
1, is the  e f fec t ive  path length of radiowaves in water vapor, reduced t o  the 

conditions on the E a r t h ' s  surface. The quantity 12 is found taking into ac- 
count the radiowave re f rac t ion  according to  the method described in [8J. The 
only exception consisted 3.n tha t  we u t i l i z e d  the charac te r i s t ic  height of 
the absorption coeff ic ient  of water vapor H E ~ O ~  equal t o  1.5 kn 19) , i n s t ead  

of 2.1km, as 9386 done In  [8],the latter 's eeasonal var ia t ions being <S[g) .  

and pressure P = 760nra Hg. 

= 0.28 + 2- and the opacity is <= ylz where 
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Beyond the resonanae frequencies of water vapors* t h a t  is, in the  
nost in te rcs t fng  spectral regions, 

- P p 293 
760 7,5 T, Y =  r(O) - - - 

10 log,,, e 

where y(0) is the  absorption coeff ia ient  of water vapor at sea level ,  at 

7 = 7.5 g. rn-3 
takes plaee in r e l a t ive  transparency windows at 
calculat ion we u t i l i z e d  the values y(0) re: 1.5 y , where y i s  the  value of 
the absorption coeff ic ient  a t  sea l eve l  a t  moisture f = ?.5gmo3, obtained 
in c13 (see Fig.  3). The introduction of the mult ipl ier  1.5 everywhere, 

and expressed in db bo' ( the  temperature dependence 7 +~l/'Pg 
20.2 mm [,?I). In the above 

Fig,4.-Effective temperature of atmospheric radiat ion Tw at 
h e  4km (pressure P = 4781m Bg, absolute moisture f = 1 g.m-3; 
temperature T = 283O K) in the band ry 0.28 c 2  mm ( l / h  = 5 + 
+35cm-l) for%arious values of the zeni thal  angle 8. 

except f o r  the narrow frequency in te rva ls  i n  resonances of the  order of 
the width of spec t ra l  l i n e s  2Av/c-O,2 c . k l  

s p e c t r a l  l i n e  in cps and a - the speed of l i g h t )  w a s  made for the elimi- 
nation of the above-noted discrepancy between the computed and the measured 
values of the absorption coefficient. 

(Av being the  half-width of the 
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Here we make use of the ca8e and in Fig.3we bring f o r t h  anew 
the dependence of the absorption coeff ic ient  of water vapor y on wave- 
length i n  the r 2L0.14~~1 + 2 cm at  sea level ,  for when computing the puan- 

t i t y  in E l ,  23, an e r ro r  was admitted in the  i n t e n s i t i e s  of spectral 
l i ne8  98 - lo6 and g9 - lo5 (1 / X i 3  0: 28.99 emo1; s3 is the resonance 
wavelength); this e r r o r  led in t he  resonaace t o  the  value 
instead y" 40 db / Iano1, which did not conform with the measurements made 
i n  C6, 7,103 (of Fig. 3 of t h i s  work with Fig. 1 in [ll). The calanlations 
performed now are in complete qua l i ta t ive  agreement with the measmentents 
of C4- 7, 103. The error noted a f f ec t s  the calculat ions of the absorption 
coeff ic ients  of water vapors only in a narrow spec t r a l  band 1 /XZ27+30.2 emo1 
A s 0 0 3 3  + 00371um) and does not modify at a l l  (discrepancy C 0.l36) the  

calculated results outside the indicated band (see F i g e l  - 15 i n  [l] and 

C 5OOO db/hol 

F i e  2 - 13 in C23). 

1 I I 

5 IO 15 20 25 _. 
2 1 46 4 4 a (MMI 

-3 
Fig. 5. - Effective temperature of atmospheric radiat ion I?* 
at h N, 4km (pressure P = 478 mm Hg, abeolute moisture 9" 2 g m 
temperature TA s2830K) for various values of zeni thal  afgles  8 

i n  the band 0.28 * 2 m  ( l / ~  = 5  + 35cni 1. 
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For the computation of TC we u t i l i t e d  the value T P 520O0K, 
Q 

which is obtained at  fnterpolat ion of the r e s u l t s  of measurements of Sun’s 
ef fec t ive  remperature in the  infrared and dcrowave bands (see the review 
of publications in the # 8 of the monograph CUI, and also the works Cl2 -16) 
( the measurements of T 
If Te i s  subsequently made more precise in submicrowa~es, i t  w i l l  be eas ie r  
f o r  u6 t o  introduce in our computed value of TCthe proper correction, for 
TC i s  d i rec t ly  proportional t o  T . It is, however, d i f f i c u l t  t o  expect i n  
any a w e  t h a t  the chosen value of Tg 
t rue  value, and consequently, t he  poss ib i l i t i e s  of radioastronomical inves- 
t iga t ions  i n  suhmicrowave band may be estimated with enough precision by 
the Figs, 1 and 2, 

transparency windows of submicrowaves 1 /A ?L 11.5 cm’l ( X .V 0,871m) : 
l/’ = 13.5 cm’l ( 
tures ATc, taking i n t o  account the atmospheric weakening f o r  various teni- 
t h a l  angles 8 ( 8 = 20 + 60°) and 
at A0 rr: 200. Such a difference in radiation temperatures may be regis tered 
by contemporary indicators,  which allows t o  apply successfully the radio- 
astronomical method of measurement of atmospheric absorption by the Sun 

in these transparency windows ( the  accounting of atmosphere’s proper r a d i e  
t ion may increase the difference thns  found by no more than -30° IC, as 
may be eeen from Figs. 4 and 5 ) .  

at the neighboring submicrowaves were not made>. 0 

d 
d i f f e r s  by more than 1% from the 

It follows from these two figures, i n  part icular ,  t h a t  i n  r e l a t ive  

0.74mm) and h = 4BIp the difference of so la r  tempera- 

= 2 g mo3 const i tutes  rY 400 + 500’ K 

It may aleo be seen from Fig, 2 t h a t  a t  f =E 2 g m’’, at h = 4km 
and at wavelengths A <  O O 6 m m  the Solar radiat ion is pract ical ly  en t i r e ly  
absorbed in the atmosphere column lying above the indicated height. T h i s  

absorption takes plaoe at  y ?J 9 dbkm” and h = 4km, which correspond6 t o  
sea l e v e l  at 
waves in the band 
Figs  2 - 15 h 

* 

p = 7.5 g a-3 and A 3 60 db km”. To such values of y respond 

27.4 ,,, < < 6 0 0 ~  (see Fig. 3 i n  the present work and 

As the absolute moisture increases the quantity ATc decreases 
ClI). 

rap id ly  i n  the transparency windows of water vapor. Thus, the calculations 
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performed f o r  normal atmosphere conditions (P = 760 mm Hg, 
attest  t o  the impossibil i ty of absorption measurements by the weakening of 
eolar  radiatfon from sea  &vel even i n  the transparency window l / ~  
cm-1 ( 

f = 7.5 g 

ll.5 
Z 87mm). As t o  the e f fec t ive  temperature of atmosphere rad ia t ion  

AT* , corresponding t o  A0 = 400, a9z 
LC TA (1 - o )s the differenae T+ 

i t  does not exceed N lo00 K in wavelengths h = 0.74prm and X = 87mm (Fig, 4, 5 )  
( the  estimates were performed f o r  an.isothermic atmosphere. The correction 
fornodsothermicity of the atmosphere affects the r e s u l t s  by no more than 
=loo K, Consequently, absorption measurements b7 so la r  rad ia t ion  in the  
near submicrowave band are obviously preferable t o  measurements by atmosphe- 
re's proper radiation, though the first method may also be u t i l i zed ,  but only 
in spec ia l  conditions. 

2.- The possible cause8 of discrepancies between experiment and theory 
of microsand centimeter wave absorption in water vapor were more than once 
discussed in the press  c3]. It i s  not excluded t h a t  the undisclosed and unac- 
counted for factors  of microwave absorption, leading t o  such discrepancies, 
may a180 be e s sen t i a l  on near submicro~aves. It was shown in C33 tha t  the 
theore t ica l  valuee of the absorption coeff ic ient  of water vapors may be drawn 

nearer the experimental by applying in the calculation a l i n e  shape obtained 
from the solution of the k ine t i c  equation Instead of the Van Vleck-Weislcopf 
l ine *. However i t  is then prac t ica l ly  impossible t o  attain a full accord 
between theory and experiment in the 2nun< < 8mm region.In submicrowaves 
the dlfferenae in the  shape of spectral l i n e s  manifests i t s e l f  i n  transparen- 
cy windows only in the nearest  region ( A d . 7 4  mm, A = 0.87mm) 
(see Fig, 1 - 15 in [l]). However, in the 27,,,,< 
t o  nearly Ident ica l  resnik3 with %Pes of different e h p s .  The absence of 

and a t  A 4 27p 
< 600yband calculations lead 

of measurements of the absorption coefficient of submicrowaves i n  all 

I n  the s t ruc tu ra l  fac tor  for  the k ine t ic  equation, a misprint has  
been admitted in [l], where formula (7) should be read as: 

. .,. 
Ti [ -47, - 

** Nearly i n  a l l  the geophysical computations l i nked ,wi th  molecular 
absorption E 1 7 9  181, the Lorene l i n e  shape is applied. Criticism of the ori- 
g ina l  Lorene model can be found in c19, 203. However, the dispersion Lorene 
cor re la t ion  de.*scribes ea t i s fac tor i ly  the infrared spectra  Of atmospheric gases . e / *  
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resonance frequenciee of water Vapor6hiaderSthe analysis of causes of dis-  

crepancies between theory and experiment i n  transparency windows. 

over the ro re t i ca l  due to  addi t ional  absorption factors ,  f o r  example polymeric 

formations of H20 molecrilee C21]*, or ie it a consequence of any inaccuracies 
i n  the description of the ro t a t iona l  spectrum of E20 monomere) as f o r  example 
the imprecise value of spec t r a l  l ine widths, or is t h i s  discrepancy l inked 
with a shul taneous  presence of a series of causes? This w i l l  become 
clearer in case of expansion of the area of experimental investigations. 

In  reality, iS the exuess of experimental absorption coeff ic ients  

Some doubts have been l a t e l y  voiced as totk%actitude of the half-  
widths of water vapore' spectral l i n e s  computed b7 Benedict and Kaplan C22, 
233, using the Anderson theory C241; they were u t i l i zed  by f l ~  in the computa- 
t ions  c1-33. It is w e l l  known t h a t  the main contribution t o  the widening 
of ro t a t iona l  l i n e s  of water vapor i n  the atmosphere is made by molecular 
co l l i s ions  H20 - IT2 and the half-width of the l i n e  (quantum t r ans i t i on  i- j) 

in the  air (Av/c)i)o-* const i tutes  about 90% of the corresponding quantity 
( A V / C ) y - N a  

the co l l i s ions  H20 - %O and E20 - 02 I 

d i t y  of t h a t  estimate, However, when computing the quant i t ies  @V/C@~-'* 

Benedict and Kaplan [23] had s t r i c t l y  taken i n t o  account only the dipole- 
quadrupole in te rac t ion  of molecules H 2 0 -  N2, The latter, alongside with 

the closely-acting in te rac t ion  (quadrupole-quadrupole, dipole-induced dipole, 
and SO f o r t h )  determine3 the col l is ion parameter bll, equal t o  the distance 
between co l l id ing  moleculee at t h e i r  A rapprochement. The value of bpD 
and the  quadrupole moment of the nitrogen molecule have been assorted i n  [23] 
from the comparison of the thus oomputed and experimental values of half-  
widths of the water vapor l i n e  5-10 6-5 ( i j  -1.35 cmi. Therefore, aii 
the ha l f  -widths of the l i n e s  computed i n  C23], are normalized 
t o  the  measured value (Av/cjf;l.o- 

[l]. The detailed calculations of water vapor l ine widening f o r  
perfollned in C251, confirm the val i -  

c losest  

(Av/c)~lo-N*, 

f o r  the t r ans i t i on  5,1 - 6-5. 

.. (continued from the preceding page..J a t  l e a s t  in re&ns, d i s tan t  from 
resonanae by a feu l ine widths. It is in t e re s t ing  t o  note t h a t  the absorption 
coef f ic ien t  of water vapor in the band x-/l+ -32 cmr conputed by us with the 
Lorene l i n e  shape, d i f f e r s  from the r e s u l t s  [l] obtained w i t h  l i n e  shape by 
k ine t i c  equation by no more than 9. Insamuch as the la t te r  s t r i c t l y  follows 
a t  spec i f i c  ideal izat ions,  the just noted r e s u l t  coincidence allows also the 
use of the b r e n e  s t ruc tu ra l  factor as a fortunate approximation of the shape 
of the s p e o t r a l  l ine.  



It is noted i n  c221 t h a t  the half-width of three intense water 
1 -  

vapor l i n e s  ( l1 - 2,, I/A,,. = 92,54 

apparently exceed the correspondiag values given by Benedict and Raplan, 
b y d  1.5 + 1.8 t izes .  If the widths of other spec t r a l  l i n e s  too were by as 
m y  times greater than the computed ones ( i f  only the most intense ones), 
the theore t ica l  c1-  33 and experhenta l  C4 - 73 absorption coef f ic ien ts  
of water vapor would be in t o t a l  quantitative agreement, for in r e l a t i v e  
transparency windows there takes place the correlat ion 7 - (Av/c)!?o-”s (see 

formula (15) i n  c13). If the contribution of the given l i n e  exceeds a great 
deal the aggregate contribution of all the remaining spec t r a l  l ines ,  then in 
the resonance frequency 7 - l / ( A v / c ) ~ - y ~  , that is, when the re f in ing  of the 
widths of spec t r a l  l i n e s  is possible, the data  on absorption by water vapors 
[I- 33 i n  the  peaks of spec t ra l  l i n e s  are  easy t o  reduce t o  new values of 

31 - 41, l / A l i  = 170,33 CX-’; 40 - So, ]/A,, = 188,27 c,n -’), 

(A V/C ) y-N,. 
On the other hand, i t  should be pointed out t h a t  the widths of w a t e r  

vapor l ineswerenot  measured d i r ec t ly  i n  EU], and they were only estimated 
by the magnitude of integral absorption in a cer ta in  band, Heanwhile, spectro- 
scopic measurements of the half-width of the water vapor l i n e  

( l / A i j  = 6.12 cm-l) C293 gave i n  the air 
against  the theore t ica l  value of Benedict & Kaplan (&/CItheor = 0,091 cm”, 
t ha t  is, the  discrepancy fo r  the width of the indicated l i n e  cons t i tu tes  only 
N6%. If i n  addition t o  that  the coincidence of computed and measured absorp- 
t i on  coef f ic ien ts  of water vapor in the band k = l o p  is considered as indi-  
r e c t  evidence of the r e l i a b i l i t y  of l ines’  E20half-widths computed by Bene- 
d i k t  & Kaplan C233, the search for addi t ional  agents of absorption, whose 
spectrum is  local ized on long submicro and microwaves, should 5e ai;prezzhed 
with considerably greater  attention. One may think indeed, t h a t  the corres- 
pondence ex is t ing  a t  
aacount of inaccuracies in the other para e t e r s  of the H2O spectrum. But the 
o ther  possible inaccuracies (description of absorption i n  the wings of spec- 
t r a l  l i n e s ,  the nonhardness e f f e c t  of the H20 molecule on l i n e  in tens i ty ,  
the contribution of H20 isotopes t o  absorption) were already the object of 
diSCU86iOnS in [Ir 31. It is noted in  these works t h a t  dl the circumstances 
brought fo r th  above cannot apparently modify the computed absorption coeffi-  
c i e n t  of water vapors by more than 10% a t  ). > l o o p  and 25% at A 

22 -3-2 
( & / C  - 0.086 cm-’ as 

~ 1 0 ~  between theory and experiment is at ta ined on 

100 p,. 



Let us remark, in conclusion, t h a t  cer ta in  questions of atmosphere 
physics and the requhement of a detailed c l a r i f i ca t ion  of the propagation 
conditions of microwaves i n  the atmosphere make prerequis i te  the knowledge 
of seasonal variation8 of absorption a t  d i f fe ren t  heights. This question is 
discussed at length i n  the work c93. 
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